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ABSTRACT
Field studies with Dalapon (sodium 2,2-dichloropropionate) and 
KH-30 (maleic hydraside diethanolamine) showed that repeated appli­
cation. of either herbicide in concentrations much higher than the 
recommended field application rates stimulated the multiplication 
of bacteria, molds, and actinoraycetes in the soil.
Several strains of soil bacteria were isolated which could decom­
pose the 2,2-dichloropropionate. Degradation of the Dalapon resulted 
in a decrease of the pH of solid and liquid media containing Dala­
pon as the carbon source, the release of chloride ion into the medium, 
and measurable respiration which showed that oxygen was consumed when 
Dalapon was the sole carbon source. Certain soil organisms, some of 
which could not be demonstrated to decompose Dalapon, asscciatively 
overcame the inhibition of an agar-decomposing soil bacterium by
2,000 ppm Dalapon.
The factors affecting polysaccharide formation by an MH-30-dis- 
similating bacterium identified as Alcaligenes faeqalis were studied. 
It was found that a magnesium deficiency, the presence of ammonium 
sulfate, insufficient aeration of the culture, and temperatures above 
2? C inhibited gum formation without appreciably altering the total 
cell count. Deficiencies of phosphate, calcium, molybdenum, and iron
x
caused slight reductions in gum production. The nature of the carbon 
source in the medium had little effect on the extent of gum produc­
tion but the nitrogen source had a large influence on it, with the 
greatest amount of gum being formed in a medium containing peptone, 
a lesser amount being formed in media containing MH-30 or some other 
organic nitrogen compounds, and none being formed in media contain­
ing maleic hydraside or ammonium sulfate as the nitrogen source.
Investigations on the nature of the gums produced by Alcaligenes 
faecalis showed that the gums were highly soluble in water, forming 
very viscous solutions, but insoluble in acetone or ethanol. The 
dried gums were tough and fibrous. The viscosity of the gum solu­
tion was slowly reduced as the temperature was Increa-sedj at 70 C 
there was a marked decrease in viscosity and at 80 C the gum was 
permanently altered so that upon cooling to room temperature its 
viscosity was markedly increased. Chemical and chromatographic tests 
indicated that the gum comprised only glucose units.
Respiration studies with Alcaligenes faecalis indicated that cells 
grown in the presence of MH-30 showed a large consumption of oxygen 
when maleic hydrazide was the carbon substrate, a small uptake with 
MH-30, and none with diethanolamine or maleic anhydride.
Chromatographic studies with Dalapon and MH-30 demonstrated the 
usefulness of this technique in detecting the herbicides and their 
related compounds.
INTRODUCTION
The use of organic chemicals on croplands for the purpose of 
controlling need growth has spawned divs researches,
imong this polytony of interests is that of the soil microbiologist, 
whoso chief concerns are the effects that these substances might 
have upon the soil microflora and microfauna, and the effects that 
these organisms might have upon the foreign chemicals,
Both scientific cariosity and economic values make worthwhile 
the recognition of the stimulation or inhibition of soil micro­
organisms by herbicides. Of equal interest is the degradation or 
alteration of these chemicals by the microorganisms.
Of particular interest are the commercial herbicides Dalapon, 
which contains the sodium salt of 2,2-dichloropropionic acid as 
the active ingredient, and MH-30, which contains the diethanolamine 
salt of maleic hydrazide (l,2-dihydropyridasine-3,6-dione) as the 
active ingredient. These preparations have found extensive use in 
croplands, and therefor© their interrelationships with the microbes 
of the soil are becoming more important as their use increases.
Various investigators have presented data indicating in a 
general way that disappearance of Dalapon from the soil is due to 
microbial action, but specific proof of this mode of degradation 
of the herbicide has been published by only one worker*
1
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The studies on Dalapon were undertaken with the manifold pur­
pose ofs (1) observing the effects of Dalapon upon the microHora 
of the soil, (2) isolating from the soil organisms capable of de­
grading Dalapon, and (3) studying the decomposition of Dalapon in 
pure culture by the soil organisms.
Soss® evidence for the bacterial degradation of MS-30 is avail­
able. Stock solutions of this herbicide were found to sustain the 
growth of a contaminating organism which produced a thick gum while 
utilising the MH-30. This interesting physiological finding is the 
basis for the investigations on maleic hydrasid® and its derivatives. 
The express aims of these studies were: (1) to determine the factors
affecting gum formation by this organism, and (2) to study the char­
acteristics of th© gum produced.
LITERATURE REVIEW
fog Dalapon« A new herbic iue for th® control of grasses 
m ®  distributed for testing in 19$3 by th® Dow Chomieal Company.
This herbicide is th© sod!we salt of 2,2-dichloropropionic acid 
and is known commercially as Dalapon. The Dow Chemical Company 
(1953) has reported in Dalapon Bulletin Ho. 2 the results ©f numer­
ous experimental uses for the herbicide. It was found that it ef­
fectively controls quack (Couch) grass, Johnson grass, and other 
grasses. Summaries of the works of numerous investigators described 
the utilisation of Dalapon in pasture renovation, control of grasses 
in alfalfa, certain fruit crops, cotton, sugar beets, flax;, com, 
and potatoes. Warren (1951*) reported the effective control of 
annual grasses in sugar beet crops with Dalapon.
Green® reported in 1957 that great financial savings were 
effected by using Dalapon as a spray to control grasses along Con­
nect tout highways. It was suggested in a report by Beck (1957) that 
the us® of herbicides is of value to th® sportsman. He described 
the use of Dalapon in marsh areas to control phragmites, which pre­
vent the growth of plants usable as food and cover by wildlife. 
Better game management has resulted from the use of chemical sprays 
by the Delaware Game and Fish Commission.
Effects of Dalapon on plants. The sensitivity of grasses to
3
h
Dslapon appears to doare&s© with increasing age of the plant (Dow 
Chemical Company, 1953)• Ib som  instances Dalapon has had less 
inhibiting effect when applied to grass growing under dry soil con­
ditions. Seed stalk development has been arrested or prevented by 
application in the early boot stag© or bofore. Elongation of th© 
stalks may hot be prevented if the herbicide is applied later.
Southwick (15?5it) observed that th© physiological response of 
plants to Dalapon is similar in certain respects to their response 
to trichloroacetic acid (TCA), except that there is little foliar 
transport to growing points from foliage applications of TCA. The 
broad-leaved species which tend to b© tolerant to TCA are also among 
the m m  tolerant to Dalapon* However, Dalapon produced growth- 
retarding effects even on certain of the more tolerant species. In 
applications to single leaves of bean plants it has been actively 
translocated to the growing points. The herbicide was found to 
produce some stunting and chlorosis in potatoes, just after emergence, 
but the yields ire re unaffected. Stone fruits were found to be mors 
sensitive than other fruits. Plums and cherries, which were par­
ticularly sensitive, showed marginal necrosis and chlorosis, which 
had a tendency to persist throughout the growing season.
Effects of Dalapon on microorganisms. The literature is almost 
devoid of any mention of the action of Dalapon on soil microorgan­
isms. Magee (195U) and Magee and Colmar (1955) demonstrated that a 
concentration of 7,000 ppm of the herbicide completely inhibited the 
respiration of Aaotbbacter. Worsham and Qiddens (1957) found that
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field application rates of Dalapon had no effect on the overall 
soil microbial population except to stimulate growth in some cases.
Persistence of Dalapon in soil. Much work ha© been done in 
recent years on the fate of foreign chemicals in the soil, and some 
investigators have indicated that microbial decomposition is an im­
portant factor in the loss of herbicides from th© soil. Norman and 
Newman (1950^ studied the persistence of some herbicides in the soil 
and found that the addition of organic matter accelerated the dis­
appearance of the herbicides. Andos found evidence in 1951 that in­
dicated that soil bactpria decompose 2,^-dichlorophenosyaeetic acid 
(2,lHD) and other compounds. The microbial decomposition of 2,li.-D 
was demonstrated independently in 1956 by Walker and Newman and by 
Rogoff and Reid.
Loustalot and Ferrer (1950) reported that trichloroacetic Mid 
(TCA) (which is similar in structure to Dalapon) rapidly disappears 
from the soil under warm, moist conditions. It was reported in 
195k by Ogle and Warren that the decomposition of herbicides in the 
soil was greatest when temperatures were best for microbial growth. 
They also found that the presence of organic matter was conducive 
to a more rapid loss of the herbicides.
Southwick (19$h) found in greenhouse pot trials that 10 pounds
of Dalapon per acre (5 ppm) applied as a sodium salt on a loam soil
and watered heavily was not detectable after U weeks as determined
by successive plantings of susceptible plants. Forty pounds per 
acre (20 ppm) was still detectable after 8 weeks but not after 12
6
w©ks. He concluded that Dalapon is not persistent is scat soils 
under average conditions. Thiegs reported in 1955 that Dalapon 
rapidly disappears from warn, moist soil, and he attributed this to 
decomposition by laicroorganisras* A report by Hoi stun and Loomis in 
1956 described the use of plant bioassay for determining the loss of 
Dalapon and stated that for most herbicides detoxification by decom­
position appears to be primarily a function of microbiological activ­
ity. It also stated that the decomposition of Dalapon in soils is 
inhibited by low soil moisture, low pH, large additions of organic 
matter, and temperatures below 20-25 C, but that these factors war© 
considered to act indirectly by affecting the activity of th® micro­
organisms.
In 1957 Jensen described the bacterial degradation of chloro- 
subatitutsd aliphatic acids. By streaking soil on media containing 
0.02 H dichloroproplouate and excess CaGO^ he was able to isolate 
five strains of bacteria capable of decomposing the dichloropropion- 
ate, as shown by decomposition of th® CaCC>3 and consequent clearing 
of the medium around the colonies. These organisms grew slowly on 
soil extract medium containing diehloi-opropionate but grew feebly or 
not at all on nutrient agar. They were tentatively assigned to the 
genus Agrobasterium. Jensen concluded that bacteria capable of d©~ 
composing chloro-organic acids possessed the ability to produce a 
substrate-induced enzyme catalyzing a hydrolytic process of dechlor­
ination that may be written thus:
7
R . Cl • CODE t H20 = R * OH . COOH f ^  f Cl”
whereupon the resulting hydroxy acid is dehydrogenated by the gen­
eral respiratory mechanism, and is utilized as a source of energy.
Methods for determining Dalapon. Residual Dalapon in soil is
detected by bioassay with susceptible plants (Hoistun and Loomis, 
1956; Dow Chemical Company, 1953). An analytical method for the 
detection of Dalapon with a recovery of more than 90 per cent was 
reported by Thiegs (1955). The method involves extraction of Dala­
pon from the soil, removal of interfering substances, and conver­
sion by heating to pyruvic acid and HC1:
CH3C c Cl2 . COOH * H20 * CH3CCOOH * 2HC1I?
0
The pyruvic acid was determined colorimetrically as the 2,U-dinitro- 
phenylhydrasone by the method of Friedemann and Haugen (19h3) • A 
private communication from the Dow Chemical Company described in 
detail this procedure used for determining Dalapon or its sodium 
salt in soils or in raw agricultural commodities.
The literature revealed no reports of chromatographic methods 
for the detection of Dalapon, but the acidic nature of the compound 
suggested the possible use of this rapid technique. Block, Durr urn, 
and Zwaig (l955) summarized a large number of published techniques 
and data concerning the paper chromatography of different classes of 
organic compounds, Including organic acids similar to Dalapon.
'Hie facile hydrolysis of 2,2-dichloropropionic acid to pyruvic 
acid and Hci suggested the possibility that chloride determination
8
might be a simple and accurate method for demonstrating decompo­
sition of the herbicide. The Volhard titration method as described 
by Willard, Forman, and Bricker (1956) was used. Jensen (1957) used 
with success the Mohr titration method for chloride determination as 
a measure of the degradation of various chlorinated acids.
Uses for maleic hydrasid©. The use of this herbicide to reduce 
storage losses of potatoes and beats by halting sprouting was de­
scribed in 1951 by Wittwer and Patarson. In the same year Josephson 
reported that Ml delayed th® flowering of corn. Whit© (1952) de­
scribed numerous agricultural uses for maleic hydr&side. Further 
work on the sprout inhibition of potatoes by preharvest foliar sprays 
was published by Paterson, Wittwer, Weller, and Sell in 1952. Cal­
vert (1953) found that MH was the only growth regulator used in the 
field that significantly reduced sucker growth in tobacco. Zukel 
(1953) reported the us© of MH in controlling grass growth along Con­
necticut highways. The control of wild oats in barley and wheat 
crops by use of this herbicide was reported by Knowles (1953) ■> 
Stamper, Hardcastle, and Chilton described in 1953 the use of MH 
in increasing the germination of sugarcane cuttings.
Effects of maleic hy drag Ida on plants. It was found by Schoene 
and Hoffman in 191*9 that maleic hydrasids possesses growth-regulating 
properties. Greulach (1950) described the effects of MH on several 
types of plants, stating that it inhibits mitosis but not cell elon­
gation. In 1951 Kenaard, Tukey, and White reported that Ml differs
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fro® well-known hormones in that it doss not cause cell elonga­
tion* If spray®d on onions, potatoes, carrots, and sugar beets in 
storage, it prevents sprouting. Sprayed on herbaceous plants, it 
delays their growth for a considerable period of time*
Greulach and Atckineon also found (1953) that MH functions as 
an antimitotic agent when applied to beans and other plants. It 
was further stated by Greulach (195ii) that MH, in addition to in­
hibiting cell division, produces various other physiological effects, 
such as th© accumulation of carbohydrates, anthocyanin formation, 
and others. He also stated that the compound does not inhibit growth 
or cell division in animals, and it seems to have no effect on sev­
eral species of bacteria, fungi, and algae. From this he concluded 
that it apparently exerts its effects on phases of metabolism unique 
to the higher plants. The same author found in 1995 that the pyri­
midines, thymine, uracil, and thiouracil, counteracted the inhibition 
of the growth of peas caused by MH. The results suggested that one, 
but not th© only, effect of MH mey be interference with pyrimidine 
metabolism. This is theoretically plausible since MH belongs to th© 
related pyridasins group of compounds and is an isomer of uracil.
Several investigations have indicated that MH apparently has 
some influence on the carbohydrate metabolism of plants. Mcllrath
(195o) reported a marked increase in both sucrose and starch content 
of cotton plants following treatment with maleic hydraside. An in­
crease in sucrose content of treated barley was found by Currier,
Day, and Crafts in 1951. Work described by Naylor in 1951 showed 
that when mais© seedlings were sprayed with concentrations of maleic
10
bydrazide ranging from 50G to 5*000 ppm, there was inhibition of 
growth. By the 8th day after treatment, the plants sprayed with
1,000 ppm of the herbicide were exuding droplets of a sticky fluid 
from the surface of the leaves. .Analysis showed that sucrose was 
the only carbohydrate present in this fluid. An increase in sucrose 
content of treated sugar beet plants was found by Ririe and Mikkle- 
sen in 1952. However, Peto (1952) and Stout (1952) found no increase 
in the sucrose content of sugar beets treated with MH.
GreuLach (1953) demonstrated that MH does not block starch 
breakdown processes. He stated that possibly the chemical may 
block either hydrolysis or phosphorolysis, but that it does not 
block both processes. His work also indicates that MH does not 
block starch synthesis in bean or tomato plants. As a &esult of 
his experiments, he suggests that excessive accumulation of sucrose 
in plants treated with MH is not a sequel of an Mh effect on starch 
metabolism since MH apparently does not block either starch syn­
thesis or starch breakdown.
A respiration effect was demonstrated by Naylor and Davis
(195l)» who reported that the respiration of barley, wheat, and 
oat roots was severely affected by MH, while other plants were more 
resistant. The MH inhibition was found to be dependent on the pH 
of the medium —  at pH 6.0 MH was ineffective, while at pH ii.O it 
was strongly inhibitory. The authors stated that it seems likely 
that hydrogen ion concentration affects the penetration of the in­
hibitor into the individual cells. They concluded that possibly
n
MH exerts its influence on growth by inhibiting respiration. They 
stated:
"Evidence now available from growth and respiration 
studies indicates that MH acts either as a poison 
or as a biological antagonist competing for the 
receptor portion of an enzyme concerned in respira­
tion. The Inhibitory effects observed rosy come 
about through interaction of MH with thiols forming 
stable compounds. Maleic acid which was first de­
scribed by Tfaunbarg (1911) as causing a marked de­
crease in the gas exchange of tissues was found by 
Morgan and Friedman (1938) to react with thiol com­
pounds by addition. Addition products of maleic 
acid with cysteine and glutathione were isolated, 
later Hopkins, Morgan, and Lutwak-Mann (1938) 
showed that maleic acid also reacts with the SH 
groups of proteins and could thus inhibit the action 
of succinic dehydrogenase.B
Response of microorganisms to MH. Th® literature yields vir­
tually no reports of th© interaction of bacteria and maleic hydra- 
side. It was reported in 1953 by HAckell and English that msleic 
hydrazide had little if apy harmful effect on soil bacteria. The 
previously cited study of Greulach (195U) indicated that the herbi­
cide has no effect on several species of bacteria* fungi, and algae. 
That of Greulach and Miller (1956) shows that some fungi are in­
hibited by MH, while others ar® apparently stimulated, and ©till 
others are unaffected,
Levi, and Grafts (1952) found that MH decomposed in the soil 
under warn, moist conditions. Lembeck (1956) isolated a number of 
bacteria capable of utilizing MH-30, MH, and DEA as carbon and/or 
nitrogen sources. His plant bioassay methods showed that a gum 
formed by th® action of bacteria on MK-30 and glucose stimulated
12
the growth and development of bean plants. .An organism tentatively 
identified as ilcaligenes faecalis was found growing readily in 
concentrated water solutions of MH-30 left standing on the labor­
atory shelf. This organism was among those found to produce gums 
in the presence of the herbicide.
In view of the experiments of Greulach, Naylor, Mcllrath and 
others showing that carbohydrates accumulated In plants treated with 
maleic hydraaide, the discovery of Lembeck that some bacteria pro­
duced a gum in the presence of the herbicide awakened sew interests. 
It appeared that a study of this gum would perhaps aid in the study 
of the mode of action of maleic hydraaide and further elucidate 
physiological aspects of the bacterial degradation of this import­
ant herbicide.
The formation by bacteria of a gum from an unusual chemical 
such as maleic hydraaide assumes especial significance because of 
the extensive interest in bacterial polysaccharides, due to the 
intriguing secrets of their mode of formation and to their economic 
and medical value.
Bacterial polysaccharides. Several workers (Waksman and Martin, 
193?} Martin and Waksman, 19lil; McCalla, 19l»2j Martin, l?lj5a, 
l?li5b, 19^6) have found that organic matter produced by bacteria 
is beneficial to soil structure.
In 1937 Cooper and Preston described studies on polysaccharide 
synthesis by nitrogen-fixing bacteria. They stated that Rhisobiura 
radicicolum (Hhizobium leguminosarum) normally forms a polysaccharide
13
from monosaccharides, disaccharides, dextrin, some polyhydric 
alcohols, and other organic compounds. They also found that Aao- 
tobaetar chroococcum produced a gum under similar conditions. In 
a series of studies on polysaccharide synthesis by bacteria, Cooper, 
Baker, and Stacey (1938) described th© large-ecal® production of 
-Azotobacter chroococcum gum and stated that growth was always ac­
companied by gum formation. They found that the gum contained about 
87 per cent glucose and about 3 P0** cent of a uronic acid. They 
concluded that this gum and that from Rhizobium radio leolum. belong 
to the same class as the specific polysaccharides of pneuraococcus 
types II and III.
It was suggested by Dubos (191j5) that capsular polysaccharides 
are waste products. Miles and Pirie (19&9) stated that later dis­
coveries show that dextrans and levans are formed from residues of 
carbohydrates which the bacterium does not utilize.
Factors affecting polysaccharide formation. Hoogerheide (1939) 
found that capsule formation by Bacterium friedlanderi (Klebsiella 
pneumoniae) depends upon the presence of carbohydrate and that 
capsules are larger when growth is limited by a deficiency of phos­
phate. The same author found in 19ii0 that encapsulation by this 
organism was strongly inhibited by various electrolytes. He sug­
gested that probably adsorption of th© electrolyte is sufficient to 
inhibit the enzymes responsible for the synthesis of bacterial 
polysaccharides•
A deficiency of phosphate was found to be conducive to in­
creased capsule production in cultures of Bacterium aerogenes (Aero- 
bacter aerogenes) by Duguid (191*8). Further, he found that a de­
ficiency of nitrogenous nutrient has the same effect as a deficiency 
of phosphate. H® suggested that any nutritional deficiency capable 
of arresting growth before the available carbohydrate is exhausted 
will lead to the formation of large capsules.
Eh® synthesis of type III pneumococcus polysaccharides by rest­
ing cells was studied by Bemheimer in 1953 • He found that maximal 
SIII synthesis required the presence of glucose, magnesium, potassium, 
phosphate, and oxygen. Other fermentable sugars could be substituted 
for glucose, but the yield of SIII was reduced. Synthesis of the 
polysaccharide occurred anaerobically, but was increased four to 
five times by osyganation. Enzyme poisons were found to cause $0 
per cent inhibition of SIII synthesis in these concentrations: 
mercuric chloride (2 x 10”̂  M), iodoacetats (5 x 10“̂  M), dinitrc- 
phenol (5 x 10”3 M), cyanide (5 x 10“" M), fluoride (5 x 10“2 M). 
Azide, arSemite, and malonate did not inhibit the synthesis.
Reports by Duguid and Wilkinson in 1953 and 195^ confirmed 
earlier studies on the influence of cultural conditions on polysac­
charide production by Aerobacter aerogenes. It was found that 
growth was complete on a medium containing excess sugar after 2k 
hours, and polysaccharide production was complete after i* days.
The polysaccharide to nitrogen ratio was low when growth was limited 
by exhaustion of carbon source, anaerobic conditions, or by an
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increase in acidity. It ims increased 10-20 fold in cultures 
wherein cessation of growth was due to exhaustion of limited nitro­
gen, phosphorus, or sulfur sources, so that an excess of sugar re­
mained available for extra polysaccharide synthesis. It was found 
by Pederson and Albury (1955) that optimum capsule formation oc­
curred in optimum growth media for th© lactic acid bacteria, Gaxy, 
Kupferberg, .Anderson, Hare in, and Klausmaier reported in 1957 that 
casein hydrolysate or an amino acid supplement containing DL-valine 
added to the medium inhibited the production of intracellular poly­
saccharide by Brucella suis while th© addition of polypeptides did 
not. A combination of DL-valine and h-lysine likewise inhibited 
polysaccharide synthesis by resting cells in phosphate buffer and 
glucose. The authors speculated that DL-valine (in combination with 
other amino acids) blocks the formation of an enayme(s) necessary 
for the synthesis of polysaccharide. They stated that it is also 
possible that certain amino acids may have stimulated the oxidation 
of glucose and thereby limited assimilation, or stimulated the uti­
lisation of the polysaccharide as it was formed.
Constitution of gums. Extensive investigations have been done 
on the structure of bacterial polysaccharides, including those of 
Hibbert, Tipson, and Brauns (1931)5 Levi, Hawkins, and Hibbert
(1952) j lyne, Peat, and Stacey (191*0)? Jeanes, William, and Miers 
(191*8)5 Jeanes and WUham (195o). Sine© a complete review of the 
literature on this subject is beyond th© scope of this work, only 
selected citations will be used, and the reader is referred to the
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review on bacterial polysaccharides by Brans and Hibbert (19 At?) 
and the extensive bibliography on dextran compiled by Jeanes in 
1952.
As previously stated, the gum of Azotobactar ehroccogcum was 
found to consist of glucose and a uronic acid by Cooper, Baker, and 
Stacey (1938). Sv®c and McCoy (19Wi) found the polysaccharide pro- 
duced by Clostridium perfringens to contain uronlc acids, nitrogen, 
organic phosphate, and marnose or glucose, or both, depending upon 
the strain. In 1950 Lawson and Stacey found that the polysaccharide 
of Azotobacter chroococcum reacts with the antiserum to types III 
and VI pnsumocoecus polysaccharides. They used the chromatographic 
technique to shoiv that it contains glucose, galactose, and gluc­
uronic acid units. Evans and Kehl (1951) used the paper partition 
chromatography technique to demonstrate that capsular polysaccharides 
from Cryptococcus neoformans contain xylose, marnose, galactose, and 
a uronic acid. Wegemer and Gainor (195W showed by chromatography 
that the gum of Alcaligenes viseosus contained only fructose.
Jeanes, Haynes, Wilham, Rankin, Melvin, Austin, Cluskey, Fisher, 
Tsuchiya, and Hist (195U) characterized and classified a large 
number of dextrans by oxidation-react ion analysis, by measurement 
of optical rotation, intrinsic viscosity, and by observations on 
solubility and gum properties. In 1955 Koenig and Perrings studied 
the sedimentation rates and viscosities of the pneumococcus type III 
somatic and capsular polysaccharides using the ultraeenfcrifuge and 
the Ostwald viscometer.
1?
PigHsan and Goapp (191*8) and Whistler and Smart (1953) reviewed 
th® methods used to determine th© molecular Height of a poly sac- . 
charide. Measurement of sedimentation rates, osmotic pressure, and 
viscosity are among th© methods used*
Smithies and Gibbons (1955) found that the slime layers of 
various halophilie bacteria contain deoxyribonucleic acid (ENA). It 
nag shown by Gatlin (1956a) that the viscosity of ropy sediments 
produced by a number of bacteria depends on th© presence of poly­
merised extracellular DMA. Gatlin (1956b) obtained slime-layer DMA 
preparations from Micrococcaa directs, Micrococcua pyogenes vsr. 
aureus (3 strains), Alcaligenes faecalis (2 strains), Alcaligenes 
viscosus, and others. Although the preparations were not pure USA, 
the viscosity of the solutions was practically the same as that of 
solutions of thymus DMA having equivalent dcoxyribose content as 
shown by the Disehe reaction (Disch®, 1955). Crystalline pancreat­
ic DHas© reduced the viscosity of all to that of water, except the 
slim® of Alcaligenes viseosus.
-— iiiw T M  M u ir  liT ’i n - m i  m i
Analysis of gums. Svec and McCoy (19Wt) described a chemical 
and immunological study of the capsular polysaccharide of Clostrid­
ium perfringens in which they obtained the gum by precipitation 
with 3 volumes of methanol. Jeanes, Wilham, and Miers (19U3) ob­
tained the dextran from cultures of Leuconostoc mssenteroidee by 
making the culture 35 per cent by volume with absolute ethanol and 
supercentrifuging to remove the cells and then adding ethanol to 
make th© mixture 50 per cent by volume to precipitate the
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A gravimetric determination of polysaccharide using ethanol-acetic 
acid precipitation was described by Whiteside-Carlson and Carlson 
in 191*9* Smith and Pollard (1952) used a mixture of ethanol and 
acetic acid to effect precipitation of th© gum from Leuconostoc mss» 
enteroides. The gum of ilcaligenes viscosus was obtained by We gems r 
and C-ainor (l9$k) by precipitation with 2 volumes of absolute ethanol 
followed by storage in the refrigerator* The polysaccharide was 
centrifuged out and redissolved in 20 ml of distilled water contain­
ing 2 g sodium acetate and 0*5 ml glacial acetic acid. The poly­
saccharide was repeatedly precipitated from this mixture with abso­
lute ethanol*
Das, Choudhuiy, and Wareham (1952) hydrolyzed 100 mg of gum 
with 1 ml of 85 per cent formic acid in an oil bath at 125 C for 
2 hours, after which the formic acid was removed and the sugars 
were estimated chromatographic ally. Evans and Mehl (1951) treated 
20 mg 3araples of gum with 0.5 ml of 1 IT sulfuric acid at 100 C for 
2.5 hours. This was followed by neutralization with BaCO^. The 
precipitate was filtered off and the supernatant was used for chroma­
tographic studies. Further use of the chromatographic technique for 
analyzing polysaccharides was described by Evans and Theriault in 
1953. Smith and Pollard (1952) hydrolyzed polysaccharides with 
sulfuric acid, using a concentration of 2.5 per cent at 80 C for 
9 hours, but found that this did not give complete hydrolysis to 
glucose. Dimler, Davis, Gill, and Hist described procedures for the 
acid hydrolysis of deoctrans in 195k. Senti, Heilman, Ludwig, Babcock,
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Tobin, Glass, and Lambarts (1955) hydrolyzed dextrans first at 80 C 
with 0.1 N hCI for 20 minutes, and then at 80 C with 0.1 N sulfuric 
acid for 195 minutes to get different degrees of degradation.
Warren demonstrated in 1951 that •Achromobacter fischeri produces 
an ©ndocellular polysaccharide which serves as a substrate for testic­
ular and streptococcal hyaluronidase, Warren and Gray in 195k de­
scribed the depolymerization of polysaccharides from several species 
of bacteria with testicular hyaluronidase. Other methods which have 
been used for the depolymerisation of polysaccharides were reviewed 
by Wolff, Mahltretter, Mellies, Watson, Hofreiter, Patrick, and Rist
(19510.
As previously stated, Catlin (1956b) reported the depolymeriza­
tion of gums from several organisms by use of crystalline pancreatic 
DNase.
Among the widely used chemical techniques for the analysis of 
polysaccharides is the enthrone method for total carbohydrates 
(Morris, 19^8). This method wa3 used for the determination of the 
concentration of dextran solutions by Scott and Melvin (1953). The 
Somogyi-Nelson technique is frequently used for determining reducing 
sugars (Nelson, 19Wi J Somogyi, 191*5). An excellent compilation of 
procedures for determining bacterial products is that of Neish (1952)•
Nitrogen substrates used by Alcallgenes faecalis. Several 
strain® of Alcaligenea faecalis were studied by Denault, Cleverdon, 
and Kulp (1953) for their ability to utilize various nitrogen com­
pounds. Of 18 common amino acids, 12 aliphatic amines, !i amides, 5
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mise©llaB®Qas organic nitrogen compounds, and 3 inorganic nitrogen 
compounds, only aspartic acid, asparagine, histidine, and gluta­
thione supported growth sufficiently to give an appreciable turbid® 
Ity and a pH close to 8* Th® authors found that most of the ali­
phatic amines war® very toxic to this organism*
Th© Gram-negative organism isolated from stock solutions of 
MH-30 and identified as Alcaligeneg faecalis by Lembeck (195’5), 
was suspected by him to be capable of slowly fixing atmospheric 
nitrogen. This finding was supported by Mage® (unpublished data), 




A. Dalapon-afcilizing organisms. The organisms need in th© 
DaXapon«d©so5roosition essperlmsnts war© isolated from untreated 
Mkoon sugarcane soil, similar soil previously treated with Dalapon 
under field conditions, or from Temple perfusion units (Tempi©,
195l) (plats l) seeded with th® soil.
B. "Indicator organism.88 This was an agar-digesting organism 
isolated from a plate of medium consisting of Bark*s mineral salts 
agar, 0.5 per cent ammonium sulfate, and 0*5 per cent Dslapon (as 
the crude sodium salt). It was fortuitously found that this Gram- 
negative short rod was inhibited by l,50O-2,OGO ppm Balapon, but 
that the inhibition m s  overcome by growth on the same medium of 
certain of the soil isolates. Therefore this organism was used as 
an indicator of possible Dalapon-decompoaitlon.
II. Special chemicals.
A. Dalapon. The Balapon used was the commercial product ob­
tained from the Dow Chemical Coisgjapy consisting of 85 per cent 
sodium salt of 2,2-dichloroprcpionlc acid (Ik per cent acid equiv­
alent )* All concentrations shown are on the basis of the pur® acid.
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Plate 1. The Temple perfusion unit used for enrichment- cultures 
of Dslapon-dscoraposing organisms. A soil sample isas placed in the 
upper unit, supported by a pad of glass wool. A mineral salts medium 
containing Dal&pon was intermittently drawn from the flask through 
the soil sample with suction generated by a water aspirator attached 
to the sidearm of the upper unit.
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B. 2 „ 2-DlchlorGpgoplonic acid. Purified 2,2-dieiO.oropropionic 
acid was obtained from th® Dow Ch®Biical Coaqpany of Midland, Michigan.
C. MH-3Q. Ibis was th® commercial product of the Naugatuck 
Chemical Division of the U. S. Rubber Company and consisted of 58 per 
cent diethaaolamine salt of malaic hydras ids (control no. 151).
D. Maleic hydraside» The maloic hydraside used was th© com­
mercial product manufactured by Nutritional Biochemicals Corporation 
of Cleveland, Ohio.
E. Maleic anhydride. This chemical was obtained from th© 
Naugatuck Chemical Division of the tf. S. Rubber Company and had the 
control no. BL2Q2.
F. Hydrasine hydrate. The hydrasin© hydrate used was obtained 
from th© Naugatuck Chemical Division of th© U. S. Rubber Company and 
had the control no. BL2Q0.
III. Culture media.
A. Basal salts solution. Burk*s mitrogen-fra® salts mixture 
(Wilson and Knight, 1952) was used as th® basal medium. Its com­
position was as follows:
The Mq-Fq solution was prepared so as to give a final concentration 
of 1 mg Fe and 0.1 mg Mo in 1 liter of the medio®. It was prepared 












Be Media for Dalapon-uftilising organisms.
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Basal salts solution 1000 ml
2. Tsyptone 5 g
Glucose 1
Beef extract 3Dalapon 2000 ppm
Agar 15 gDistilled H20 1000 BfL
3. (HHPaSO^ 5 gDalapon 5000 ppm






GaCO^ 2 gAgar 15Basal salts solution 1000 ml
5. NaHO^ 5 gDalapon 5000 ppm
CaCO^ 2 g
Agar 15 g








Basal salts solution 1000 ml
(0.5%, 0.035 M)
The stock cultures of th© Balapon-ufcilising organisms were maintained 
on medium 1, Medium 2 was used for the associative action experiment s.
Madia 3» U, 5* and 6 war© used to demonstrate the decomposition of 
Dalapon*
Sine© Dalapon is destroyed at high temperatures, it was necessary 
to sterilize it by filtration. A 10 per cent (100,000 ppm, 0.7 M) 
solution in distilled water m s  prepared and neutralised with NaOH 
and then filtered through a mil lip ore filter. Th© herbicide solu­
tion was added to the medium aseptically after sterilisation and
cooling of the medium.




MH-30 16*7 ml (5900 ppm HH)
Agar 15 g
Basal salts solution 1000 ml
pH 7.5
2. For optimum gum production.
- - - i --i-**!! i ------— - ■ CT-— — A — r r i i i •
Peptone 6 gGlucose 30
Basal salts solution 1000 ml
MB-30 16.7 ml
Glucose 30 gBasal salts solution 1000 ml
Other nitrogen and carbon sources were added to the basal salts 
solution as indicated in the results of tfes individual experiments.
3. For fermentation testa. Nutrient broth was used as 
tha basal medium for these tests. To it was added 0.5 par cent of 
the carbon source being tested and 1 ml of a 1.6 per cent solution 
of brorathyraol blue per liter. A fermentation tube was placed in
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each test tube in order to detect gas formation.
li* For identification of the organism* Media used in 
special tests necessary for identifying the organism war® prepared 
as described in The Manual of Microbiological Methods (Peleaar, 
1957)*
D« Madia for total plate counts»
1, Total organisms. To determine th© total number of 
organisms in Balspon-treated soil, th© egg albumen medium described 
by Fred and Waksisan (1928) was used* The organisms growing on this 
medium were principally bacteria*
2. Holds* The determination of the total plate count of 
molds m s  done with the Rose Bengal .Agar medium described by Martin
(1950)*
3* Astinoiqycetes* Actinosgrcetes in the treated soil 
were estimated with th© sodium aoparaginata agar of Conn (Fred and 
Waksman, 1928)*
li* Dalapon-utiliaing organisms. The organisms capable of 
utilising Dalapon &3 the sole carbon source were estimated with the 
basal salts medium plus 0.5 per cent Dalapon and 0*5 per cent am­
monium sulfate*
5* HH-30-Htiliaing organisms. The organisms capable of 
utilizing MH-30 as the sole carbon source were estimated with the 
basal salts medium plus 1,000 ppm malelc hydrazide as MH-30 and 0.5 
par cent ammonium sulfate*
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IV. Field studies on the effect of Dalapon on microbial numbers 
in soil.
A. Tin cans (sice 10) uith tops and bottoms removed were em­
bedded in Mhoon soil and treated with Dalapon to give 50 ppm in the 
soil. This treatment Has repeated after on® week, Three week® after 
th© second treatment the soil was sampled for the first estimation
of numbers, after which th© treatment was repeated. Three weeks 
following the third treatment the second sampling was don© and the 
numbers of microbes estimated, after which Dalapon liras added to the 
can of soil for the fourth time. One week following this treatment 
th© cans were removed from th© soil, the contents sampled by quar­
tering (Hall, ipiil), and the microbial numbers estimated. At this 
time plat© counts were done on another soil sample which been treat­
ed in the manner just described, but which had not been previously 
sampled. This sample was designated Soil 5.
B. In this experiment several cans of soil in the field were 
treated with different concentrations of the herbicide and left 
undisturbed for four weeks, at which time they were removed in toto. 
The contents were sampled by quartering and plate counts were don®. 
Special media were used in this experiment in order to observe any 
difference in th© total plat© count that might occur in the Dalapon 
medium with different nitrogen sources. Special Medium A consisted 
of the basal salts solution, 0.025 per cent egg albumen, and 1,000 
ppm of onneutralized, filtered Dalapon added just prior to pouring 
of the medium. Special Medium B consisted of the basal salts
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solution, 0.012 per cent NH^NO^, and 1,000 ppm of unneutralised, 
filtered Dalapon added just prior to pouring of the medium.
C. In this experiment tin cans (sise 10) with bottoms arid 
tops removed were embedded in Mhoon soil and treated at U-w®ek 
intervals with Dalapon. Samples were taken by forcing an 8-inch 
test tube into the center of the can of soil until the tub® was 
half full of soil, lisa first sampling wastbn® k weeks after to 
fourth consecutive treatment. Th® second sampling was done J4 weeks 
after th© fifth consecutive treatment and the first ©aspling. Es­
timations of numbers of microbes wars done as in experiments A and
B.
V. Field studies on the effect of MH-.10 on microbial numbers
in soil. This experiment was don© in the same manner as the field 
experiments with Dalapon. Tin cans were embedded in Mhoon soil 
and sufficient MH-30 was added to give final concentrations of £0 
ppm and 1,000 ppm of mleic hydra side. This treatment was repeated 
every four weeks. The soil in each can was sampled Ii weeks follow­
ing th® fourth treatment and again h weeks following the fifth 
treatment and estimations of the soil microorganisms were done with 
the media previously described*
VI. Dalapon-deeomposition experiments.
A. Liquid cultures. Flasks containing Dalapon media were 
inoculated with various soil organisms and incubated at 30 C for 6 
days. The madia were then analyzed for free chloride as a measure
2?
of th© Dalapon decomposed.
B. Solid media. Various madia containing Dalapon and excess 
CaCO^ war© streaked and observed for clearing of the medium due to 
th© decomposition of the CaCC>3.
C. Associative action experiment. The tryptone-glueose-bscf 
extract medium containing 2,000 ppm Dalapon was inoculated with the 
agar-decoirposing organism and plates ware poured. When the surface 
of the medium was dry, the plates were streaked with various soil 
organisms, incubated at 30 C, and observed for the formation of a 
f,halo" of colonies of the agar-decomposing bacterium about the 
streaked cultures.
D. Oxygen uptake. The oxygen uptake of various organisms 
on a substrate containing Dalapon as the sole carbon source was 
measured, using the Warburg reBpirometsr. Th® procedure followed 
is described in Section XIII.
VII. Dilution to extinction experiments. Estimations of the num­
bers of bacteria in liquid cultures were done by the dilution to 
extinction method. Tubes containing 9 ml of nutrient broth were 
prepared. Dilutions to extinction wer© done directly in the broth 
tubes, which were then insubated at room temperature and observed 
for growth after 5 days.
VIII. Viscosity measurements. Viscosities of the gums produced by 
the test organism were measured with the Brookfield Multi-Speed 
Model LVT viscometer, manufactured by the Brookfield Engineering 
Laboratories, Inc., of Stoughton, Massachusetts. This instrument,
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Plate 2. Brookfield viscometer, extra spindles, and glass 
cylinder used to measure viscosity of gums*
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itb extra spindles, and th© glass cylinder used in viscosity meas- 
aroraants are shown in plat© 2.
Preliminary operations with the viscometer indicated that a 
minimum of 100 ml of solution in a glass hydrometer cylinder with 
an internal diameter of 3*7 cm and a height of l5o2 cm gave good 
precision in measurements. The instrument is calibrated by the 
manufacturer on th© basis of immersion in an infinite body of 
liquid, and greatest accuracy is obtained when th© container for 
the test solution is not less than 2.75 in in diameter. Smaller 
quantities were used in those experiments due to th© irapractic ab il *» 
ity of handling aerated cultures of volumes greater than 100 ml.
In order to facilitate comparison of th® experimental readings with 
known viscosity standards, the viscometer was calibrated with 95 
per cent glycerine (c.p.) with a specific gravity of 1.21*8 at 20 C 
and 1.21*1* at 32 C. The calibrations and the conditions under which
they were conducted arc shown in table 1.
Except for the noted modifications, th© viscometer was operated
according to the instructions provided with it:
,fl. Attach spindle to machine as follows: Grasp 
upper shaft coupling with thumb and forefinger.
Hold firmly and screw left-hand thread spindle 
coupling securely to it."' fee very careful, when 
making this' connection, to avoid undue side press­
ure, as it might affect the alignment. Turn the 
spindle to attach; never the upper coupling.
”2. Insert guard and spindle into material to be
tested until immersed to the depth indicated by the
groove cut in the shaft. This mark indicates mini­
mum Immersion and should be reasonably observed.
Hold instrument as nearly level as possible. Th© 
more nearly exact leveling is obtained, the
32
Table 1
Standardisation of viscometer 
with glycerine
A* Measurements in 6C0 ml beaker*
Spindle 6o 30
Revolutions per minute
12 6 3 1.5 0.6 0.3
cps cps cps cps cps cps cps cps
1 -» -H- 237 21*3 21*1* 261* 310 5oo
2 26? 265 260 2 55 230 21*0 250 300
3 22*2 252 250 280 320 500 5oo 800
1* 260 320 375 500 1000 1000 1000 2000
Measurements in hydrometer cylinder.
Revolutions per minute 
Spindle 6o 30 12 6 3 1*5 0.6 0.3
cps cps cps cps cps cps cps cps
1 ■st- ■st- 309 312 312 320 320 1*00
2 301 305 303 310 310 320 1*00 5oo
3 262 268 260 260 21*0 320 1*00 600
h 260 320 300 300 300 1*00 0 0
-a- The viscosity was not measurable at these points 
because the viscometer pointer went off the scale.
33
batter th© reproducibility of results.
R3. Press down clutch lever and start root or by 
snapping toggle switch. Release lever and allow 
rotation to continue until spindle has made eight 
or ten revolutions (eight to ten seconds), which 
is normally sufficient to reach a stable reading.
Press down clutch lever with thumb and snap off 
switch with other hand. If, when operating at 
higher speeds, pointer is not in view when dial 
has corns to rest, throw switch on and off rapidly 
until pointer reaches vision plate. Be sure to 
keen clutch lever depressed while doing this '̂ o 
that “reading may be neld? A little practice will 
enable the operator to throw th® switch at th© 
proper point to insure that th® dial stops with 
the pointer in view.
"if. Take reading indicated by pointer and if 
check readings are desired, start motor before 
releasing clutch. This reduces oscillation and 
thereby permits quicker readings. It is advis­
able to take several check readings, as substan­
tially different temperatures of spindle and 
test material will affect th© first reading. As 
tests can be mad© quickly, reheating th© material 
is generally not necessary. If variations in 
readings persist, insufficient rotation period 
may be indicated."
"If necessary to test in container too small 
to admit guard, it may b® removed very readily by 
unscrewing about l/8 turn (until free) and dropping 
away from pivot cup. The values obtained with 
guard removed, while satisfactory as comparative 
tests, will not represent actual viscosity unless 
correction factors are determined and employed in 
connection with each spindle and each container."
Most measurements were made at room temperature (25-30 C).
When it was necessary to change the temperature of the test material, 
the hydrometer jar containing the test material was immersed in
water in a large pan, and the water was maintained at th® desired
3k
temperature by th© addition of ice or hot water as necessary* Th® 
vessel of test material' was allowed to stand at each temperature 
5> to 10 minutes before measurement of the viscosity in order to 
permit equilibration of the temperature *
IX. Paper partition chromatography. The ascending chromatographic 
technique, using a modification of the apparatus described by 
MCCleskey (1953), was used for the identification of herbicides and 
gums. Pyreic jars 6 in by 18 in wore fitted with racks mad© of 5 mm 
glass rod to support th® filter paper strips. U-shaped pieces of 
the rod wore used to hold the strips in place during development. 
Rectangular glass butter dishes were used to hold the solvents. The 
jars were covered with plates of glass.
Whatman Ho. 1 filter paper was cut into strips about 22 in long 
and k in wide. The test solutions were spotted on the paper with 
capillary pipettes 1 in from the lower end. After drying the strip 
was suspended from th© glass rack with th® lower end just touching 
the solvent solution. Movement of the solvent was continued for 
2h hours. The chromatograms were dried at room temperature and 
then dipped into or sprayed with the color reagent. When necessary, 
th® strips were heated at 100 C in a drying oven. The following 
solvents and color reagents were used:
1. n-Butanol • ethanol : 3 N NH^OH a it : 1 : 5
2. HgO-saturated n-butanol : ECQOH - • 5
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B. Dalapon color reagents*
1. Methyl red, 200 rag; brorathyraol blue, 200 mg; ethanol, 
U00 ml. The pH was adjusted to 5,2 with 0.1 N NaOH. The paper was 
dipped into a cylinder filled with ammonia vapors immediately after 
dipping in the color reagent. Acids showed crimson red spots and 
bases showed yellow to green spots. The colors were not permanent.
2. 0.1 K AgNO^ : 0.1 N HHĵ OH - 1 : 1
The chromatogram was sprayed with or dipped in this mixture, then 
dried at room temperature for four hours. Reducing compounds pro­
duced dark brown to black spots which were obscured within several
hours by darkening of the entire paper,
C. MH-30 solvents.
1. Isopropanol : NHhOH : HgO - 70 * 10 : 20
(Andres®, 1957).
2* n—Butanol : HgO : HCgH^Og s 250 : 250 : 6o
D. MH-30 color reagents.
1. FeCljj, 1.0$; potassium ferricyanide, 1.0$. These 
solutions were mixed in the ratio of 1 : 1 just before spraying. 
MH-30 produced an intense blue color with this reagent (Andrea©, 
1957). The ipots were rapidly obscured by darkening of the entire 
strip. This was prevented and the spots were changed to permanent 
colors ranging from yellow to brown by dipping the paper in ammonia 
vapors.
2. Ninhydrin, 0.3$ w/v in 95% ethanol. The chromatogram 
was dipped or sprayed in this solution, then dried at 100 C until
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spots appeared* MH-30 produced tan to white spots and diethanol- 
amine produced light purple spots.
3* Bromphenol blue, 50 mgj citric acid, 200 rag; dis­
tilled water, 100 nflL. A blue color was formed by MH-30, MH, DEA, 
and HA with this reagent.
E. Gum solvents.
1. n-Butanol : HC2H3 O2 i HgO - 1* : 1 : 5
2. a-Butanol : ethanol : HgO - 10 : 1 : 2
3* Pyridine : n-pentanol-1 : HgO - 7 s 7 s 6
F. Gum color reagents.
1. 0*1 N A#03 : £ N HH^OH - 1 * 1
The chromatogram was dipped in or sprayed with this solution and 
dried at 100 C until spots appeared.
2. Ninhydrin, 0.3$ in ethanol* Th© paper was dried
at 100 C until spots appeared.
3. Iodine crystals. The air-dried chromatogram was 
placed in a closed container saturated with iodine vapors for 1-2 
hours. Some polysaccharides gave brown spots with this reagent.
k* This reagent was the same as MH-30 color reagent no. 1#
All solvents and color reagents, except those with citations 
given, were selected from the work of Block, Durr urn, and Zweig (1955).
X. Purification of gums.
A. Gum from peptone-glucose medium* Flasks of the pepione- 
glucose medium were inoculated with Alcaligenes faecalis C-13 and
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incubated with shaking for four days. The contents of the flasks 
were then pooled and purified by the following procedure:
1. The gum was precipitated with 3 volumes of 95 per cent 
ethanol. The precipitate was filtered out with suction and washed 
twice with 100 ml quantities of 95 per1 cent ethanol.
2. Th© gum was dried at room temperature and weighed.
3. The gum was redissolved in 200 ml distilled water.
The gum suspension was agitated vigorously by hand
with 100 ml of a mixture of CHGl^ and n-pentanol-1 {i*:l), shaken 
1 hour on a rotary shaker, and then allowed to stand 2U hours at 5 
C, after which the chloroform-pentanol mixture was decanted.
5. The gum was reprecipitated with 2.5 volumes of 95 per 
cent ethanol. The gum was again filtered with suction and washed 
twice with 100 ml quantities of 95 per cent ethanol.
6. The gum was redissolved in 100 ml distilled water.
7. For the third time the gum was precipitated with 200
ml (2 volumes) of 95 p©r cent ethanol, filtered with suction, and 
washed twice with 100 ml portions of ethanol.
B. Gum from MH-30-glucose medium. The MH-30-glucose gum was 
prepared in the same manner as that described for the peptone-glucose 
gum, except that in some steps different quantities of precipitant 
and solvent were necessary because the concentration of gum was less 
in the MH-30 medium than in the peptone medium. The following scheme 
was used:
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1. The gum was precipitated with 3 volumes of 95 per cent 
ethanol, filtered with suction, and washed twice with 100 mL quan­
tities of ethanol.
2. The gum was dried at room tenperature and weighed.
3. The gum was redissolved in 100 ml distilled water.
The gum suspension was raised with an equal volume of
a mixture of CHCl^ and n-pentanol-1 (k : 1), agitated vigorously, 
shaken 1 hour mechanically, and stored 2k hours at 5 C, after which 
the chloroform-pentanol mixture was decanted and discarded.
5. The gum was reprecipitated with I* volumes of 95 per 
cent ethanol, filtered, and washed twice with 100 ml quantities of 
ethanol.
6. The gum was redissolved in $0 h£L distilled water.
7. The gum was precipitated for the third tin® with 3
volumes of 95 per cent ethanol, filtered, and washed twice with 50 
ml quantities of ethanol.
1XI. Hydrolysis of gums. Each purified gum was dissolved in distilled 
water to give a solution containing approximately 10 rag of dry gum 
per ml. Dry weight was determined by pipetting a portion of the gum 
solution into a tared beaker, drying at 50 C, and then weighing.
Ten ml of the gum solution (100 mg dry weight) were pipetted 
into a test tube. The solution was made 8 N with respect to sulfuric 
acid by the addition of 2,9 ml of the concentrated acid (sp. gr. 1.8it). 
The mixture was heated in a boiling water bath for 30 minutes, then
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cooled in cold 'Hater. She acid was neutralized by pouring the solu­
tion into cold saturated NaOfl. The resultant solution was diluted 
to 100 nil with distilled water.
Control solutions of glucose, peptone, and MH-30 were treated 
in an identical manner.
XII. Chemical analyses.
A. Dalapon. The Volhard chloride determination was done as 
described by Millard, Furman, and Bricker (1956). Hydrolysis of
standard solutions of Dalapon was done according to the method of
Thiegs (1955).
B. Carbohydrates.
1. Anthrone test. This test was done as described by 
Neish (1952).
2. Molisch test. This test was done according to the
procedure of Hawk, Oser, and Summerson (1951)*
C. Reducing compounds.
1. Benedict test. The procedure of Hawk, Oser, and
Summerson (1951) was used for this test.
2. Somogyi-Nelson method. This test was done on a quali­
tative basis, following the method of Somogyi (1937, 19^5) and Nelson 
(19Wi).
D. Reducing saccharides. The osazone test for reducing 
saccharides was done by the method of Hawk, Oser, and Summerson (1951)*
E. Proteins.
ho
1. Ninhydrln test* This analysis was done as described 
by Hawk, Oser, and Suramerson (1951)*
2, Biuret test* This test was done according to the pro­
cedure of Ha*jlc, Oser, and Suramerson (l95l)«
F. Pentoses and glycuronic acids.
1. Tollens phloroglucinol test. This test was done as 
described by Hawk, Oser, and Suramerson (1951)•
2, Tauber benzidine test. The method of Hawk, Oser, and 
Suramerson (1951) was used for this test.
3* Bial test. The method of Hawk, Oser, and Suramerson
(1951) was used for this test.
1*. Tollen3 naphthoresorcinol test. This test was con­
ducted according to the procedure of Hawk, Oser, and Suramerson (1951)*
G. ALdoketoses. The Seliwanoff test as described by Hawk, Oser, 
and Suramerson (1951) was used.
H. Starch. Ten drops of Grants iodine solution was mixed with 
10 drops of the test solution on a spot plate. Starch gave a dark 
blue color with this reagent.
I. Galactose. The mucic acid teat for galactose was used ac­
cording to the procedure described by Hawk, Oser, and Suramerson (195l)•
J. Deoxyribonucleic acids. The dipheaylaraine test was used 
as described by Dische (1955)•
XIII. Respiration measurements.
A. Cells. Dalapon-utilizing organisms were grown in the liquid
fom of Dalapon medium no. a, harvested by centrifuging in a 
refrigerated International centrifuge, and washed twice with the 
basal salts solution. The cells wer© suspended in the same solu­
tion and diluted to an optical density of 1.5 as measured in the 
Bausch and Lomb Spectronic 20 photometer at ii.20 millimicrons.
The MH-30 organism was grown in the liquid stock medium de­
scribed and harvested by the same procedure used for the Dslapon 
organisms. The cells were also suspended in the basal salts medium 
to give an optical density of 1.5.
B. Procedure. Solutions were prepared and oxygen uptake was 
measured in the Warburg respirometer by the standard raanomstric 
techniques as described by Ifeibrait, Burris, and Stauffer (1951) 
with slight modifications as described by Magee (195k)»
EXPERIMENTAL RESULTS
I. The response of soil microorganisms to Dalapon*
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A. Microbial flora of soil treated with Dalapon. In table© 2.
— ■ ii r.iw*»MP—iwB 1 <i iwiiiih ■ —— mm   iiiftn ii.ij, *
3, and ij are shown the numbers of organisms found in Mhoon sugarcane 
soil after repeated treatment with Dalapon. Tables 2 and 3 repre­
sent enumerations done three weeks after treatment, while table h 
represents enumerations done one week after treatment. It may be 
seen that the treated soil showed an increase of all types of org­
anisms when the samples were taken three weeks after treatment, but 
there was an apparent decrease of all types of organisms during the 
week following application of the herbicide.
Tables 5 and 6 show the microflora of the soil four weeks after
treatment with different concentrations of Dalapon. It m y  be seen
that there was a slight decrease in the number of actinomycetes and 
organisms growing on the Dalapon medium in the soil treated with 50 
ppm Dalapon. It should be noted that 500 ppm and 5,000 ppm Dalapon 
produced correspondingly greater increases in the numbers of all 
types of organisms. The use of egg albumen or ammonium nitrate as 
the nitrogen source instead of ammonium sulfate did not appreciably 
alter the count of organisms growing on the Dalapon medium.
Tables 7 and 8 seem to indicate that continued treatment of
h2
Table 2
The e f f e c t  o f  re p e a te d  D a lap o n  tre a tm e n ts
on th e  m ic r o f lo r a  o f  th e  s o i l









59,700,000 5,860,000 73,100 9,610,000
Soil treated 
tjith 50 ppm 
Dalapon
69,600,000 317 n ,  700,000 200 188,000 256 18,300,000 190
Table 3
The effect of repeated Dalapon treatments
on the microflora of the soil
Experiment A, second sampling
Total Dalapon-
Sample organisms Actinomycetes Molds utilizers




128,000,000 29,100,000 169,000 . 16,900,000 -
Soil treated 
with SO ppm 
Dalapon
175,000,000 137 31,000,000 107 213,000 ill 26,100,000 162
Table 1*
The effect of repeated Dalapon treatments
on the microflora of the soil
Experiment A, third sampling
Total
Sang>le organisms Actinomycetes Molds
org/gm" '% control org/gm % control org/gm $ control
Control
(untreated 125,000,000 - 81,600,000 - 2lit, 000
soil)
A. Soil
treated with 101,000,000 81 1*0,1*00,000 50 208,000 97
50 ppm Dalapon 
(sampled)
B. Soil
treated with 79,000,000 63 36,800,000 1*5 162,000 76









The effect of a single Dalapon treatment
on the microflora of the soil
Experiment B, part 1
Total Dalapon-
Sample______  organisms  Actinomycetes Molds utilisers




92,200*000 - 22,300,000 - 98,600 65,300,000 • »
Soil treated 
with 50 ppm 
Dalapon
107,000,000 116 21,600,000 97 105,000 106 58,000,000 89
Soil treated 
with 500 ppm 
Dalapon




21*3,000,000 261* i5U,000,000 691 227,000 230 136,000,000 208
T a b le  6
The e f f e c t  o f  a  s in g le  D a lap o n  tre a tm e n t
on th e  m ic r o f lo r a  o f  th e  s o i l
Experiment By part 2
Sample Special Medium A Special Medium B
org/gm % control org/gm % control
Control 68,700,000 - 57,600,000 -
Soil treated with 
50 ppm Dalapon 102,000,000 1U8 86,700,000 151
Soil treated with 
500 ppm Dalapon lit!,000,000 20 8 116,000,000 201
Soil treated with 
5,000 ppm Dalapon 193,000,000 281 170,000,000 295
Table 7
The effect of repeated Dalapon treatments
on the microflora of the soil
Experiment 0, first sampling
Total
Sample organisms Actinonycetes Molds
org/gm % control "" 'org/̂ gn   % control org/pi % control"
Control
(untreated 91>300,000 - 1̂ 1,500,000 - 363,000
soil)
Soil treated
with 50 ppm 26,300,000 29 12,300,000 29 187,000,000 515
Dalapon
Soil treated








T a b le  8
The e f f e c t  o f  re p e a te d  D a lap o n  tre a tm e n ts
on th e  m ic r o f lo r a  o f  th e  s o i l
Experiment C, second sampling
Total Dal&pon-
Sample organisms Act inoii\ycete s Molds utilisers
org/gra $ control org/gm. n % control org/gm % control org/gm '̂"control
Control
(untreated 39,200,000 - li,030,000 - 280,000 - 13,300,000
soil)
Soil treated
with 50 ppm 50,700,000 125 5,280,000 131 319,000 lli* 17,800,000 135
Dalapon
Soil treated
with 5,000 105,000,000 268 21,700,000 538 5,130,000 1,830 78,700,000 592
ppm Dalapon
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the soil with the herbicide may cause alternate fluctuations in the 
microbial flora. An extremely large mold population may be seen in 
table 7 along with very small populations of bacteria and actino- 
njycetes, while in table 8 may be seen an increase in the numbers of 
all types of organisms except the molds* which show a very large 
decrease.
B. Analytical methods for Dalapon.
1. Volhard chloride method. The results of the Volhard 
chloride determination as a means of detecting the decomposition 
may be seen in table $. Good recovery of the Dalapon chlorine as 
chloride is indicated by these data.
2. Paper chromatography method. Table 10 contains the 
Rf values and color reactions of Dalapon compared with those of the 
pure 2,2-dichloropropionic acid and pyruvic acid. The Dalapon and 
the pure 2,2-dichloropropionate produced brilliant red spots with 
color reagent nember 1 and the cations formed green spots. The spots 
were not permanent and the entire paper quickly became dark orange
in color. Pyruvate spots with this reagent were not as distinctive 
as those of the 2,2-dichloropropionate. The AgNO^ reagent produced 
grayish-white spots corresponding to the position of the dichloro- 
propionate anion and tan spots with the pyruvate, but the spots were 
not as distinct as those formed by the acid-base indicators.
C. Decomposition of Dalapon by soil organisms.
1. Associative action experiment. During the course of 
these experiments an agar-decomposing bacterium from the soil was
51
Table 9
The analysis of standard solutions of 
Dalapon by the Volhard chloride method
111 Mil'iequivajLents 
Sample chloride per ml % recovery
Theoretical Jfct'uaX
Distilled HgO 0,000 0.000 “
0.1 | Dalapon (a) 0.100 0.007 7(b) 0.100 0.007 7
(c) 0.100 0.007 7
0.1 N Dalapon (a) 0.100 0.097 97autoclaved 1 (b) 0.100 0.096 96
hour @ 121 G (c) 0.100 0.096 96
Table 10
Rf values of Dalapon and related compounds 
with various solvents and color reagents
Solvent 1 Solvent 2
Compound Reagent I Reagent 2 Reagent 1   Reagent' 2
Dalapon .12 green .01 white .06 green .09 brown
•01 red .60 white-gray .87 red .90 white
Pure 2,2-dichloro- .17 green .22 brown .06 green .09 brown
propionate .57 red .62 white-gray .87 red .90 white
Pyruvate .02 red .18 yellow .OU green .09 brown
•15 green .20 gray .07-.26 pink •56 tan
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discovered. It was fortuitously found that Dalapon in a concentra­
tion of 1,500-2,000 ppm inhibited the growth of this organism, but 
an air contaminant (D301) showed a beneficial effect, overcoming the 
inhibitory action of the Dalapon and permitting the formation of a 
"halo” of growth of the agar-decomposing bacterium, as shown in plate 
3. This experiment was repeated with cijhioA* is&l aisG suspected of 
attacking Dalapon and a similar action was found, as shown in plate 
1|. It may be seen that growth of these organisms on the plates over­
came the inhibition of the agar-decomposing bacterium by Dalapon.
The "halo” formation was not as pronounced as with isolate D301, but 
it could be seen in the early stages of growth.
2. CaCO^-decomposition experiment. With the use of the 
method of Jensen (1957) it was found that organisms capable of de­
composing Dalapon could be readily isolated from the soil or from 
the air. Several variations of the basal salts medium were used 
with either ammonium sulfate or sodium nitrate as the nitrogen source 
along with Dalapon as the carbon source. Some of the isolates pro­
duced a clearing of the medium which was evident after 5-6 days and 
was quite pronounced after about lU days. Some of the organisms 
appeared to grow more readily when the medium contained 0.1 per 
cent yeast extract. No decomposition of OaCO^ was evident in media 
containing beef extract, peptone, and tryptone* The results of 
these experiments may be seen in plates 5 &nd 6.
3. Analytical determinations. Those Isolates which 
showed the most rapid decomposition of Dalapon, as indicated by
su
Plate 3. She associative action of isolate D301 with the 
agar-decomposing bacterium on plates of TGE medium containing
2,000 ppm (0.011; M) Dalapon. The plates were incubated 6 d^ys at 
30 C.
Upper plate. Indicator organism control containing 
Dalapon but not streaked with D301. 
Middle plate. Organism control containing no Dalapon. 
Lower plate. Dalapon-containing agar seeded with the 






C O N TROL
1 CELL 
CONTflOL|
Plate I4. The associative action of several soil organisms 
with the agar-decomposing organism on plates of TGE medium contain­
ing 2,OCK) ppm (0.01U M) Dalapon. The plates were incubated 7 days 
at 30 G. An indicator organism control plate containing Dalapon 
showed no growth, and an organism control plate containing no Dala­
pon showed several hundred colonies of the agar-decomposing or­
ganism. The number on each plate is the designation for the soil 
isolate streaked on that plate.
£6
> £ r  JD325(C)j
l r  -m  j
0325(B)D3251A) D325(D)
D326IB),D326(A) 10326(C)
|D327(C)|i i | ) P327(P)|D3271B)|D327(A)|
|D328(A)1 D328(P)1P328(C);<D328(B)I
Plate 5. Growth after 7 days of soil microorganisms on various 
media containing 5?000 ppm (0.035 M) Dalapon and excess CaCO^. The 
number on the plate is the ideni ifTc at ion number for the isolate.
Left to right:
1. Dalapon medium no. 3*
2. Dalapon medium no. 3 without Dalapon.
3. Dalapon medium no. 5*
U. Dalapon medium no. 6.
57
D 33gfC )l|D 332 (A )|
D 33c;,f')0 3 3 5 (B )
D 33 6 (C )I0 3 3 6  ( A lf i i i ‘*(0336(0̂
Plat© 6. Growth after 7 days of soil microorganisms on various 
media containing 5,000 ppm (0.035 M) Dalapon and excess CaCOj. The 
number on the plate is the identification number for the isolate.
Left to right:
1. Dalapon medium no. 3.
2. Dalapon medium no. 3 without Dalapon.
3. Dalapon medium no. 5*
In  Dalapon medium no. 6.
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the decomposition of GaCO^ in solid media, were used to demonstrate 
the decomposition of Dalapon in liquid culture. The results of this 
experiment are shown in table 11. The percentages of chloride ion 
liberated were calculated with respect to the concentration of chlo­
ride ion formed by the autoclaving of the control medium containing
5,000 ppm Dalapon (0.0352 M, 0.070ii N with respect to chloride ion). 
It will be noted that the unheated control medium contained 8.25 per 
cent of the chlorine as chloride ion. Isolate D327 showed only a 
very slight increase in chloride ion, while all the others tested 
showed large increase in chloride ion. All those showing the forma­
tion of chloride ion also showed decreased pH, although the medium 
was buffered with phosphates.
h« Respiration measurements. The oxygen uptake by various 
isolates with Dalapon as the sole carbon source is shown in figure
1. It may be seen that there was a small but significant uptake of 
oxygen when the herbicide was the sole carbon source.
5- Morphology of the Dalapon-decomposing organisms. The 
following isolates were Gram-negative short rods: D325, D326, D327,
D328, D336, D33U, D321, D302, and D313. Organisms D335 and D303 
were large Gram-positive rods. D309 and D323 were molds, and D312 




Decomposition of Dalapon in liquid 
medium by soil organisms in 6 days
Mliiequivalents % autoclaved F£nal "pIT
Culture chloride per ml control of medium
Distilled HgO o.oooo4 0.06 -
5,000 ppm Dalapon control 0.0051U 8.25 6.2
5,000 ppm Dalapon control, 
autoclaved 1 hour @ 121 C 0.06226 — 1.9
D325 0.01840 29.50 5.2
D326 0.01738 27.90 5.4
D327 0.00616 9.88 7.4
D328 0.01636 26.30 5.4
D332 0.01432 23.00 4.9
D334 0.01534 24.60 5.6
0335 0.01738 27*90 5.5
D336 0.01432 23.00 4.9 .
6o
A * D325,O.J% GLUCOSE 
B - 0325,0.1%DALAPON 
C- 0325,ENDOGENOUS 
D* 0326,2% GLUCOSE 
E* 0326,0.1% DALAPON 
F« D326,ENDOGENOUS 
G- 0327,0.1% GLUCOSE 
H* 0327,0.1% OALAPON 
I ■ D327.ENDOGENOUS
Figure 1, The oxygen uptake by selected soil microorganisms 
with Dalapon as the sole carbon source.
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II, The response of soil microorganisms to raaleie hydrasid© 
diethanolamine.
As The effects of MH-30 upon soil mieroflcra. The results of 
treating Mhoon soil with MH-30 are shown in tables 12 and 13. It 
may be noted that treatment with 50 ppm of the herbicide at first 
caused a decrease in numbers, but later caused an increase over th® 
controls. Soil treated with the higher concentration of the herbi­
cide (1,000 ppm) showed greater numbers of all types of organisms 
than did soil treated with 50 ppm. Continued treatment appears to 
greatly increase the number of organisms capable of using MH-30 a® 
a carbon source.
B. The interrelationships of an MH-30-dissimilatlng bacterium 
and the herbicide, with particular reference to guta formation.
1, Identification of the organism. Table li; shows the 
results of various tests used to aid in confirming the identity of 
the bacterium isolated from a stock solution of MH-30. Fomenta­
tion reactions of the organism are shown in table 15. Although 
Bergeyfs Manual (Breed, Murray, and Smith, 1957) states that Alca- 
ligenes species do not ferment any carbohydrates, it was concluded 
that th© classification by Lembeck (1955) of this organism as Alca- 
ligenes faecalis was the logical one. Some question concerning 
the placement of the organism remains, however, due to the fact 
that it is suspected of fixing atmospheric nitrogen. The organism 
was grown fairly readily on Burk*s nitrogen-deficient medium and 
was transferred on this medium every 1-2 months over a period of
Table 12
The effect of repeated MH-30 treatments
on the microflora of the soil
Firet sampling
Total
Sample organisms Actinomycotes Molds
org/gm % control org/gra % control org/gm % control
Control
(untreated 91,300,000 - U*,500,000 - 363,000
soil)
Soil treated
with 50 ppm 79,600,000 87 28,300,000 6h 155,000 k3
MH-30
Soil treated






T a b le  13
The effect of repeated MH-30 treatments
on the microflora of the soil
Second sampling
Total
Sanple organisms Actinonycetes Molds MH-30-utiliaers




39,200,000 - 4,030,000 280,000 470,000 -
Soil treated 
with SO ppm 
MH-30




89,100,000 227 22,000,000 546 484,000 173 8,250,000 1,223
6h
Table ll|





3. Acetylmethylcarbinol production 
1*. H2S ps*oduction
5 * Indole production 




Alkaline after 3 days, 
approximately 5% 




Fermentation reactions by the 
MH-30-utilizing organism
Carbon source 2 days 7 days lit days 21 dayi
1. D-Glucose NC NC B B
2. D-Fructose NC NC B B
3. D-Galactose NC A A A
h- D-Kannose NC A A AS. L-Arabinose NC A A A
6. L-Rhamnose NC NC BT,AB BT,AB
7. L-Sorbose NC BT,AB BT,AB BT,AB
8. Lactose NC B B B
9. Sucrose NC NC NC NC
10 • Maltose NC NC B B
11. D-Trehalose NC NC B B
12. Melibiose NC B B B
13. Cellobiose NC NC NC NC
111. Raffinose NC B B B
15. Melezitose NC B B B
16. Anygdalin NC B B B
17. Starch NC B B B
18. Glycerine NC NC AT A
19. Adonitol NC AT A A20. Mannitol NC NC B B
21. Sorbitol NC B B B
22. Dulcitol NC B B B
23. Inositol NC B B B
21*. Cellulose gum NC B B B
25. Xylan NC B B B
26. Maleic hydrazide NC B B B
27. MH-30 NC B B B
28. Nutrient broth control NC B B B
Legend: A ss acid throughout medium
AT b acid at top of medium 
AB - acid at bottom of medium 
B » alkaline throughout 
BT s alkaline at top 
BB 2 alkaline at bottom 
NC s growth but no change in indicator
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approximately two years. Due to lack of facilities for the iso­
topic determination of nitrogen-fixation, this property remains 
unproven. According to Bergey5 s Manual, the organism should be 
placed in the genus Azotobacter if it were proved to fix atmos­
pheric nitrogen.
2. Factors affecting formation and viscosity of gum.
a. Mineral salts. Figure 2 demonstrates the ef­
fects of mineral deficiencies on gum formation. It will be ob­
served that the absence of Mg greatly reduces the concentration of 
gum formed vrithout appreciably affecting the growth of the organism. 
Deficiencies of phosphate, calcium, molybdenum, and iron also re­
duce gum formation slightly.
b. Effect of electrolytes. Figure 3 shows that 
the addition of even small amounts of ammonium sulfate to the medium 
results in a total lack of gum formation. The addition of similar 
amounts of sodium chloride to the medium results in some loss of 
gum formation. The addition of the same amounts of the salts to 
control cultures showing the same cell estimates and final pH 
values as the pictured control caused no appreciable change in the 
viscosity of the gum.
c. Source of carbon. It may be seen from figure 
h that approximately the same amount of gum is formed in media 
containing glucose, sucrose, and fructose. A medium containing 
mannitol and MH-30 shows little gum production, but a medium con­
taining mannitol and peptone does not differ in gum production
67
V v V  VtSCOSlTV IN CPS *  10'
t/uoo  dilution to cktinction
PC(4 DO CA MO FC HONE A1
MH-30 MEDIUM
pq, MO CA MO FE HONE ALE
PEPTONE MEDIUMDEFICIENCY
Figure 2. The effect of certain mineral deficienci GS in the
medium on the formation of gum by Alcallgenes faecalis.
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Figure 3. The effect of two electrolytes on the viscosity of
the ALcaligenes faecalis gum when added before incubation and when
added after" ’incubation," .
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FINAL
V * V  l / L O O  D IL U T IO N  TO 
E X T IN C T IO N
A * NO &OPED CARSON 
B *  GLUCOSE 
C • 3 %  SUCROSE 
D i  3 %  FRUCTOSE 
E ■ 5 %  M A N N IT O L
L
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y,&'\Vy * .  >  .*v  \ <  • ;/ ■.£ i* • i i1/ ■!
> 6 . V ,
M H -30 MEDIUM PEPTONE MEDIUM
Figure k* The effect of the carbon source on the formation
of gum by Alcaligenes faecalis.
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from the media with glucose, sucrose, and fructose as the carbon 
sources •
d. Source of nitrogen. Figures 5 and 6 show that 
the nitrogen source in the medium has a tremendous effect on the 
output of gum. Preliminary experiments showed that the maximum 
amount of gum was formed from MH-30 when the concentration of the 
herbicide was approximately 5,900 ppm, and the maximum amount of 
gum was formed from peptone when its concentration in the medium 
was 0.6 per cent. Figure 5 represents gum formation in media con­
taining various compounds in such amount that their nitrogen content 
is equivalent to that of 5?900 ppm MH-30. It may be seen that pep­
tone produces very large amounts of gum, while pure malelc hydraaide 
and diethanolamine produce practically no gum, although growth of 
the organism is essentially the same in all cases. Hydrazine was 
toxic in the concentration used, and no growth occurred.
Figure 6 shows the effect of adding ammonium sulfate to media 
containing various nitrogen compounds. This salt greatly reduced 
the gum formation in the MH-30 medium and completely prevented it 
in the peptone medium without appreciably affecting growth. Only 
a slight decrease in gum formation in the glutamic acid medium was 
noted.
e. Carbon to nitrogen ratio. It may be seen in 
figure 7 that increasing the ratio of carbon to nitrogen in the 
medium increased the amount of gum produced up to a maximum, after 
which there was a gradual decrease in gum formation. The final
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Figure 5. The effect of the nitrogen source on the formation
of gum by Alcaligenes faecalis.
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%*A l / L O i  D IL U T IO N  TO C K T IN C H O N
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t^JT R O a ru  a m j a r r .
B <  Q IE T rtAM Q LA M IIIC  * 
C • O LU TA M IC  A C ID  '
o *  p e p t o n e
f >  tN H *Jt B04  A L D N I
i l f25 5
:>•:
a c •  C 0 tI
WITHOUT (NH^feSO* WITH W H ^ S O *
Figure 6. The effect of ammonium sulfate on the formation of gum
in the presence of various nitrogen substrates by Alcaligenes faecalls.
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%  O L U C O tC
PEPTONE MEDIUM
Figure 7. The effect of the carbon to nitrogen ratio on 
the formation of gum by Mcaligenes faecal is.
Ih
cell count was essentially the same in all cases. The optimum 
concentration of glucose in the medium with 5,900 ppm of MH-30 was 
2 per cant and in the medium with 0.6 per cent peptone was it per 
cent. A glucose concentration of 3 per cent was used with the 
above concentrations of MH-30 or peptone for all other tests.
f. Aeration and incubation time. Table 16 dem­
onstrates the tremendous influence that aeration had on gum forma­
tion in different madia by Alealigenes faecalis C-13. It may be 
seen that stationary cultures of the MH-30 medium reached a maxi­
mum viscosity of 28o centipoises, while shaken cultures reached
a maximum viscosity of 1,185 centipoises after 21 days —  an in­
crease of 1*23 per cent. Stationary cultures of the peptone medium 
reached a maximum viscosity of 55 centipoises, while the aerated 
cultures reached a maximum viscosity of 1*9,750 centipoises —  an 
increase of 905 per cent.
g. gH. The data in figure 8 show that the original 
pH of the medium has some ©ffect on the extent of gum formation. 
Optimum gum formation appeared to occur at about pH 7.5.
h. Temperature. Due to the unavailability of 
facilities for incubating the cultures at various temperatures with 
mechanical shaking, the offset of temperature on gum formation was 
not determined. No growth occurred in stationary cultures at 10 C, 
1*5 C, or 55 C. There were strong indications that temperatures 
between. 23 G and 27 C were more conducive to gum formation than 
somewhat lower or somewhat higher temperatures. The results of
Table 16
The effect of aeration, time, and nitrogen source 
on the formation of gum by Alealigenes faecalis
Nitrogen Aeration Days Final Viscosity dell
source incubation PH cropcps l/log dilution
to extinction
0 7.U 10 6
1 7.3 10 7
nc. 7.2 15 8
3 7.1i 25 8Generated k 7.3 35 8(stationary) 5 7.0 iiO 96 6.9 90 8
7 6.9 95 9
lit 7.0 285 821 7.1 280 8
MH-30 21 control 7.0 10 00 T.F" lo 6
1 7*ii 15 7
2 7.2 85 8
3 7.2 265 8Aerated h 7.0 IhS 8
(shaken) 5 7.0 585 8
6 7.0 705 9
7 6.9 7it0 10
lit 6.9 1,075 921 6.9 1,185 821 control 7.0 15 00 ' 7.0 io "6
1 7.0 10 8
2 7.0 5 8
3 6.it 10 8Unaerated h 5.7 15 10
(stationary) 5 5.8 20 96 5.1i 20 9
7 5.5 20 8
Hi 6.2 55 921 5.3 15 7
Peptone 21 control 6.It 10 00 “7.5 5 6
1 6.9 10 9
2 6.3 3,120 10
3 5.8 17,it6o 9Aerated it 5.5 19,0/iO 10(shaken) 5 5.3 19,080 116 5.3 ii5,950 10
7 5.3 lt5,ooo 10
lit 5.6 iiO,3oo 10
21 5.6 ii9,750 10
21 control 6.2 5 0
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OniOINAL pH
MH-30 MEDIUM PEPTONE MEDIUM
Figure 8. The effect of the pH of the medium on the formation
of gum by Alcaligenes faecalis*
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these various experiments show wide ranges of viscosities in the 
gums, which can be correlated with the time of year at which the 
experiments were done. During the summer months the room temperature 
of the laboratory ranged from approximately 30 C to 37 C, and all 
experiments showed low-viscosity results. As soon as the weather 
became cool and room temperatures fell to 23-27 C, all experiments 
began to show greater Viscosities.
The temperature of the gum during viscosity measurement was 
found to affect the viscosity as shown in figure 9* It will be 
noted that a sharp decline in viscosity occurred between 60 C and 
70 C. After having been heated to 80 C, the gum showed a large 
increase in viscosity when cooled back to room temperature, indi­
cating that a permanent change had occurred in the gum.
3. Respiration of Alcaligenes faeealis C-13 in relation 
to the herbicide.
a. MH-30 and derivatives as sole carbon source.
Figure 10 shows the respiration of the MH-30-utilising organism with 
MH-30 and its derivatives as the sole carbon source. In this ex­
periment the cells had been grown in a medium containing 1,000 ppm 
MH-30. There was a small uptake of oxygen with Mh-30 as the sub­
strate and a pronounced oxygen consumption when pure maleic hydra- 
zi.de was the carbon source.
b. On media for optimum gum formation. Figure 11 
shows the oxygen uptake of Alcaligenes faeealis on the madia used 
for optimum gum production and on media containing ammonium sulfate.
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MH‘ 30 GUM PEPTONE GUM
Figure ?, The effect of temperature on the viscosity of the 
gums formed by Alcaligenes faeealis in the presence of MH-30 and 
peptone.
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Figure 10. The oxygen uptake by Alcaligenes faecalis with 










Figure 11, The oxygen uptake by Alcaligenes faeealis on 
media optimum for gum formation.
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The cells had been grown in a medium containing 1,000 ppm MH-30, 
washed, and suspended in basal salts solution to give an optical 
density of 2 at i*20 millimicrons in the Spectronic 20 photometer. 
The presence of peptone or ammonium sulfat© is seen to increase 
the rate of oxygen uptake above that on glucose alone sine© cell 
growth began under these conditions. The addition of MH-30 to the 
glucose produced no change in the oxygen uptake, indicating that 
the rate of cell growth in this mixture was slower than that on 
the paptone-glucose mixture.
!*. Properties of gums-produced by Alcaligenes faeealis.
a. Physical. The gums produced by this organism 
were extremely hydrophilic. Small portions of the gums were dis­
solved readily in water to give very viscous solutions. The guns 
were readily precipitated by approximately 2 volumes of acetone
or 3 volumes of 95 per cent ethanol. The dried gums were tan-white 
in color and extremely tough and fibrous in nature.
b. Chemical. The chemical properties of the gums 
are shown by the data in table 17* The tests indicated that the 
gums were polysaccharides consisting only of glucose units.
5* Chromatographic studies.
a. MH-30 and its derivatives. The Rf values of 
the diethanolamine salt of maleic hydrazide are compared with those 
of its derivatives in table 18. It may be noted that the MH-30 
produced spots corresponding to those of both diethanolamine and 
maleic hydrazide in the two solvents used. The color reagent
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Table 17
Chemical tests on the intact and hydrolyzed 
gums of Alcaligenes faeealis
Hydrolyzed Peptone Hydrolysed
Test MH-30 gum MH-30 gum gum
1. Anthrone ♦ * ‘>
2. Molisch * * *
3. Benedict - t -
k. Somogyi-Nelson „ ♦ ■ -
$. Osasons - glucosazone -
6. Ninhydrin - - -
7. Biuret - "
8. Phloroglucinol - - -
9. Benzidine -
10. Bial - - -
11. Naphthoresorcinol - - -
12. Seliwanoff - - -
13. Iodine - - -










Rf values of MH-30 and its derivatives with 
various solvents and color reagents
Solvent 1 Solvent 2
Reagent 1 Reagent 2 Reagent 3 Reagent 1 Reagent 2 Reagent 3
MH-30 .73 blue .68 white .76 blue .61 blue .60 white .77 blue
.8 9 blue .8? tan- .91* blue .35 white .32 tan- .l<2 blue
purple purple
Diethanolamine .85 blue .89 tan- .91* blue .35 white *3k tan- .1*2 blue
(DEA) purple purple
Maleic hydrazide .72 brown- .66 tan- .76 blue .21 yellow .27 tan .30 blue
(MH) blue yellow .1*8 blue .57 white .76 blue
Maleic acid .79 light .70 tan- .78 light nil indistinct .67 yellow
(MA) blue yellow blue
described by Andreae (1957) proved to be an excellent one, and as 
stated in the Experimental Procedures, it was found that the spots 
could be made permanent by dipping the chromatogram in ammonia 
vapors. Reagent number 3 also produced good color reactions, but 
the spots were not as distinct as those formed with reagent number
1 and were not permanent. Ninhydrin (reagent 2) did not prove to 
be as satisfactory as the other two reagents used, since the colors 
it formed with these test compounds were not as sharply defined as 
were those formed with the other reagents. The two solvent systems 
used appear to be quite satisfactory for these compounds. Solvent
2 gave adequate separation of the components, but appeared to 
affect the color reaction with reagent number 1 .
b. Gums and gum hydrolyzates. Table 19 shows the result 
of chromatographing the gums formed by Alcaligenes faeealis C-13. 
MH-30, glucose, and peptone were chromatographed in the same solvents 
since these substances were present in the media from which the gums 
were formed.
It should be noted that the Rf values are not absolute, but 
varied slightly from trial to trial. Solvent 1 and reagent 1 pro­
duced a brown spot with an Rf value of 0.2ii for glucose and an 
identical 3pot on the same paper for the hydrolyzed MH-30 gum. On 
another paper with the same solvent and color reagent glucose caused 
a brown spot with an Rf value of 0.18, and the hydrolyzed peptone 
gum caused a tan spot at Rf 0.17.
It may be seen that the MH-30 gum gave no colors in any case.
Table 19
Rf values of gums and gum hydrolyzates with 
various solvents and color reagents
Test Solvent?__________ 1______________________ 2   3
compound Reagent: 1 2 " 3 k 1 ~ 2 3 h 1 3
MH-30 gum nil nil nil nil nil nil nil nil nil nil nil nil
Hydrolysed 
MH-30 gum
.1ST nil .19T nil .17T .06t .03T nil ' .06T .Oi*T
.01P
.o5t .05?
Peptone gum nil nil .21T nil nil nil nil nil nil .13L nil .26B
Hydrolyzed 
peptone gum





.181 •13B1 ,15B1 •10L nil .12B1 •36Br nil nil .27
B1




























Legends T = tan B = blue Br ~ brown
p - purple I - yellow B1 a black
L a lavender G - gray ¥ a white
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The hydrolyzed MH-30 gum gave spots corresponding closely with those 
of gLucose in solvents 1 aid 2 but produced anomalous results with 
the other solvent. In solvent 1 and solvent 3 the peptone gum gave 
some spots corresponding with those of glucose. The hydrolyzed pep­
tone gum gave spots similar to those of glucose in nearly all solvents 
and reagents. It should be noted that occasionally glucose produced 
spots with ninhydrin, when the chromatograms were heated. Therefor©, 
the appearance of lavender spots from the hydrolyzed gums did not 
necessarily indicate proteinaceous material. It was felt that the 
high salt content of the hydrolysed gum solutions affected the Rf 
values to some degree.
DISCUSSION
I. Dalapon studies. The findings of this investigation afford 
strong evidence that Dalapon (sodium 2,2-dichloropropionate) not only 
has no deleterious effect on the microflora of the soil upon single 
or repeated application of the herbicide in concentrations much high­
er than field rates, but that it apparently stimulates the multipli­
cation of bacteria, actinomycote3, and molds. Continued application 
of the herbicide to the soil appears to result in an increase in the 
number of microorganisms which can utilize Dalapon as a sole carbon 
source, or at least tolerate it in high concentrations. In these 
experiments, the highest concentration of Dalapon used (0.? per cent, 
5,000 ppm) resulted in the greatest percentage increase in numbers 
of the various types of microorganisms. Since several investigators 
have demonstrated that Dalapon rapidly disappears from the soil, and 
since'these experiments have indicated that application of the herbi­
cide to the soil causes an increase in the microbial population, it 
is logical to conclude that the microorganisms decompose the 2,2- 
dichloropropionate, utilizing it in their metabolic activities.
Pure-culture studies with microorganisms isolated from the soil 
confirmed the findings of Jensen (1557). Several strains of bacteria 
were isolated which were capable of releasing the chlorine from the
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2,2=dichloropropionate as chloride ion and utilising the compound 
as an energy source, as indicated by respiration studies. These 
organisms appeared to be much more rapid in their action than those 
of Jensen, His organisms required two weeks to show clearing of the 
Dalapon-CaCC>3 agar and to liberate IQ-lii per cent of the chlorine 
as chloride ion. Several of the organisms isolated during these 
studies showed good clearing of the agar in 2-3 days and liberation 
of approximately 21 per cent of the chlorine as chloride ion in 6 
days. Unlike the organisms of Jensen, these isolates grew readily 
on a mineral salts medium containing Dalapon as the sols carbon 
source, and all of them grew readily on organic media with or with­
out Dalapon, None of them showed clearing of the CaCC^ agar in 
media containing peptone, beef extract, or tryptone, indicating 
either that other compounds were used in preference to Dalapon or 
that these protein compounds were utilized along with Dalapon, form­
ing basic products which neutralized the acid formed when Dalapon 
alone was utilized.
The suggestion of Jensen that the degradation of the chlorin­
ated organic acids occurs by way of a dechlorination process in­
volving a substrate-induced enzyme seems to be a likely one. An 
alternate explanation is the possibility that the soil microorg­
anisms may hasten the spontaneous hydrolysis of 2,2-dichloropropionhte 
by the rapid removal of the pyruvate formed. Since many microorg­
anisms are capable of utilising pyruvate, it would be expected that 
large numbers of organisms able to cause this reaction could be
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readily isolated from the soil. Since this does not appear to be.true, 
the explanation of Jensen therefore seems to be the more logical 
one.
While it is evident from these experiments that some soil bac­
teria can decompose the herbicide, it also appears that possible in­
hibitory effects of the herbicide can be circumvented by the growth 
of tolerant organisms, although these organisms may not attack the 
foreign chemical itself. The associative action experiment showed 
that certain organisms, which could not be demonstrated to decom­
pose Dalapon, nevertheless overcame the inhibition of the agar- 
decomposing bacterium by 2,000 ppm of Dalapon (note plate 3)* It is 
suggested that Dalapon interfered with some vital mechanism in the 
metabolism of th© agar-decomposing bacterium and that the Dalapon- 
tolerant organisms circumvented this Interference by producing some 
substance(s) that permitted normal growth to resume.
The chromatographic studies with Dalapon suggest that this 
technique may be useful in qualitative tests for the herbicide. It 
might also be adaptable to quantitative measurements by the process 
of leaching the chromatogram and determining Dalapon either colori­
metric ally by the method of Thiegs (1955) or by the chloride titra­
tion method.
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II. MH-30 studies. The results of the field studies with the 
diethanolamine salt of maleic hydrazide indicate that this conpound 
has no deleterious effect on the soil microflora, but seems to stimu­
late their multiplication in the soil. These studies have confirmed 
reports that a soil bacterium can utilise MH-30 as a carbon and nitro­
gen source and under certain conditions can produce a gum from it.
Studies of the gum formation by Alcaligenes faecalis C-13, an 
organism isolated from a stock solution of MH-30, indicate that the 
polysaccharide production is a normal activity of the cells, but 
that it varies greatly in extent depending upon environmental factors. 
The organism was found to produce the gum with various carbon and 
nitrogen substrates, consistently producing the greatest amount in 
media containing peptone and a carbohydrate.
Of the factors studied in relation to their effect on gum pro­
duction, four produced outstanding results. Slight increases in 
temperature during the period of incubation resulted in drastic de­
creases in polysaccharide formation. Gum formation was greatly in­
hibited by a deficiency of magnesium and was very slightly inhibited 
by deficiencies of other minerals. The addition of a small amount 
of ammonium sulfate to the medium, with or without other nitrogen 
sources, resulted in the complete absence of gum formation. Lack of 
adequate aeration also resulted in low gum formation.
None of these factors appeared to have any appreciable effect 
on the multiplication of the organism, since final cell estimates 
after £ days of incubation were practically the same in all cases.
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Sorvs workers (Duguid, 19^8 j Duguid and Wilkinson, 1953) have suggest­
ed that if factor limits growth of the cells before the available 
carbohydrate is exhausted the energy requirement for the cells is 
lessened and the carbohydrate is conserved as polysaccharides* In 
view of this hypothesis, it Is conceivable that low temperatures 
might reduce the rate of growth of Alealigenes faecalis during the 
early stages of incubation and thus greatly increase the amount of 
gum produced. In a like manner, a deficiency of magnesium could 
limit the growth of the organism, thus conserving carbohydrate. How­
ever, a deficiency of this kind might be expected to result in a 
lower total cell count, but this was not the case in these experi­
ments. It is suggested that the rate of growth was decreased by the 
mineral deficiency end polysaccharide was produced during the re­
tarded growth period, but the prolonged incubation time permitted 
the cultures to achieve almost the same total growth as the controls.
The ability of ammonium sulfate to prevent gum formation can 
be explained on the basis that ammonium ion is a more readily avail­
able nitrogen source than MH-30 or the nitrogen compounds of peptone, 
thus permitting very rapid growth of the cells and the consequent 
failure of formation of the polysaccharide, as occurs when the rate 
of growth is retarded.
The finding of Cooper, Dakar, and Stacey (1938) that gum forma­
tion was poor in large volumes of medium was probably due to poor 
oxygenation of the cultures. It was suggested by Duguid and Wilkin­
son (1953) that a reduction in available oxygen would reduce the
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amount of available energy from the given sugar supply, thus leading 
to a restriction of the rate of growth. Their hypothesis, then,would 
explain why shaken cultures of Alealigenos faecalis demonstrated such 
pronounced gum production and stationary cultures such poor ability 
to form gum.
Since chemical tests and chromatographic studies demonstrated 
that th© Alcaligenes faecalis gum consisted of only glucose units, 
it was concluded that it was a dextran-like polysaccharide. Molecu­
lar weight determinations and methylation studies are needed to f a ­
ther characterise this polysaccharide. It is interesting to note 
that this organism readily produced gum from glucose, fructose, 
sucrose, or mannitol and could produce small amounts of gum from 
MH-30 alone or peptone alone. According to Evans and Hibbert (l?ii7) 
sucrose is the only suitable carbohydrate for the production of 
dextran by Leuconostoc. The same authors described the formation of 
other glucose polymers by other bacteria, including the formation of 
dextran-like polysaccharides by various bacteria. Clifton (1957) 
also described th© formation of various polysaccharides by bacteria 
and stated that organisms capable of utilizing a number of sugars as 
a glucose source for polymerization commonly do so following a pre­
liminary conversion to common phosphate esters. He also stated 
that polysaccharides can be dissimilated under the influence of a 
phosphoryle.se and with the uptake of inorganic phosphate to yield 
glucose-1-phosphate. This phosphorolytic reaction involves only a 
slight change in free energy and is reversible, thus providing for
93
synthesis as well as for dissimilation. The equilibrium in phos­
phor oly sis is controlled primarily by the relative concentrations of 
gluco se-1-phosphate and phosphate ions. Any decrease in the concen­
tration of phosphate would favor polysaccharide synthesis. Clifton 
also stated that phosphorylases can act on disaccharides and higher 
sugars, resulting in polymerization of the monosaccharides*
These facts might be the basis of an addition to the hypothesis 
of Duguid and Wilkinson concerning the effects of nutritional defi­
ciencies on polysaccharide formation by bacteria. Since magnesium 
is essential to several steps in the utilization of gluco3®~6-phosphate 
in the energy-producing mechanisms of the cell, a deficiency of this
-i
ion would reduce the energy available to the cell and consequently 
reduce its growth rate. On the other hand, magnesium is also essential 
to the conversion of glucosc-6-phosphate to glucose-l-phosphate, a 
reaction leading to polymerization. In the presence of only trace 
amounts of magnesium this process could possibly proceed at the ex­
pense of the energy reactions until a large amount of polysaccharide 
had been produced. The contradictory behavior of the phosphate- 
deficient media in showing only a small decrease in the ability to 
form polysaccharide cannot be explained by this hypothesis.
The chromatographic studies with Hh-30 and its derivatives 
showed that the diethanol&mine salt of maleic hydraside appears to 
dissociate into diethanolamine and Maleic bydraside or their ions, 
at least in the solvent systems used* Farther studies would be 
necessaiy to prove whether or not this dissociation occurs in water
9k
solution or whether it occurred only on the ehromatograra as a result 
of some action of the solvents. It was concluded that the chromato­
graphic procedure described by Andrea© (1957) was excellent for the 
detection of MH-30 and related compounds and that other solvents and 
color reagents could also be used to advantage.
Th© respiration studies reported here add further support to the 
evidence of others that MH-30 and maleic hydrasid© can be used as 
carbon substrates by microorganisms. Maleic bydrazide was readily 
utiliaable as indicated by a relatively rapid oxygen uptake by Alca- 
ligenes facealls. The organism showed a comparatively slow rate of 
oxygen uptake when MH-30 was the carbon source. It was found in 
other experiments that the growth rate of the organism in the presence 
of Mh-30 was somewhat retarded. These two facts indicate that the 
organism may require a rather long period of time to decompose the 
MH-30, but that the maleic hydraside released thereby is then readily 
usable. Since the present evidence did not indicate oxygen consump­
tion by Alcaligenes faecalis on diethanolamine or maleic acid an­
hydride, it is suggested that the former is usable only as a nitro­
gen source and that the organism might require a period of adaptation 
to the latter.
SUMMAHT
1. Repeated treatment of Mioon soil with $0 to 5*000 ppm Dalapon 
(sodium 2,2-dichloropropionate) stimulated the multiplication of 
bacteria, actlnomycetes, molds, and organisms capable of growing 
on a mineral salts medium containing Dalapon as the sole carbon 
source. The stimulation was more pronounced in the higher con­
centrations.
2. Chromatographic studies on Dalapon demonstrated that this tech­
nique may be a useful method for determining the presence of 
Dalapon and its degradation products.
3* The Volhard chloride determination was found to be a simple and 
accurate means of determining the decomposition of 2,2-dichloro- 
propionic acid.
it. Several strains of bacteria were isolated which could decompose 
Dalapon, as indicated by the clearing of a solid medium contain­
ing mineral salts, Dalapon, and CaCO^; by a lowering of the pH 
of a liquid medium containing Dalapon as the carbon source; by 
the increase in chloride ion in the liquid medium; and by the 
consumption of oxygen with Dalapon as the sole carbon source.
5. Ten Gram-negative short rods; two large Gram-positive rods, two 
molds, two actinonycetes, and one Gram-positive coccus were
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isolated which demonstrated an associative action in the presence 
of Dalapon with an agar-decomposing bacterium from the soil, Two 
thousand ppm of the herbicide completely inhibited the growth of 
the agar-deeomposing bacterium, but the presence of a colony of 
one of the above organisms on the plate resulted in the formation 
of a "halo” of colonies of the agar-decomposing bacterium, fol­
lowed by their ultimate appearance throughout the seeded plate.
6. Repeated treatment of Mho on soil with 50 and 1,000 ppm of MH-30 
(maleic hydraside diethanolamine) stimulated the multiplication 
of bacteria, actinomycetss, molds, and organisms capable of grow­
ing on a mineral salts medium containing MH-30 as the sole carbon 
source. The stimulation was especially pronounced in the higher 
concentration.
7. The Identification of an organism isolated from a stock solution 
of MH-30 as .fllcaligenes faecalis by Lembeck was confirmed.
8. A deficiency of magnesium in the medium caused a sharp decrease in 
gum production by Alcaligenes faecalis C-13* Deficiencies of 
phosphate, calcium, molybdenum, and iron caused slight loss of 
gum production.
?. The addition of 0.1 per cent or more of ammonium sulfate to the 
medium resulted in no gum formation, while the addition of simi­
lar quantities of NaCi to the medium resulted in partial loss 
of gum production,
10. Alcaligenes faecalis C-13 was found to produce almost equal
amounts of polysaccharide from glucose, sucrose, fructose, and
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mannitol in a medium with peptone as the nitrogen source, and it 
produced equal amounts of gum from glucose, sucrose, and fructose, 
but a lesser amount from mannitol in a medium srlth MH-30 as the 
nitrogen source.
11. It was found that the nitrogen source in the medium exerted a 
pronounced influence on the formation of gum. Peptone produced 
extremely large amounts of gum, MH-30 smaller amounts, while pure 
maleic hydrazide and diethanolamine produced practically no gum.
A medium containing ammonium sulfate was conducive to excellent 
growth but completely inhibited gum formation, whether the am­
monium sulfate was the only nitrogen source or whether it was 
present along with peptone, MH-30 or other gum-inducing nitrogen 
sources,
12. Experiments with stationary and shaken cultures of Alcaligenes
faecalis C-13 showed that there was no appreciable increase in
numbers of cells after 2-3 days but that there was a steady in­
crease in concentration of the gum up to the fourteenth dsy, after 
which there was a slight decrease in viscosity in stationary 
cultures and a slight increase in viscosity in shaken cultures
up to the twenty-first day.
13. Ihe optimum pH for gum production by Alcaligenes faecalis C-13 
was found to be 7*5 *
lit. It was found that temperatures between 23 C and 27 C were opti­
mum for gum formation. Somewhat lower temperatures resulted in
9 8
no growth and somewhat higher temperatures resulted in excel­
lent growth of the organism but little or no gum production.
15. Increasing the temperature of the gum at the time of measurement 
of viscosity was found to slightly decrease the viscosity up to 
60 C, above which sharp reductions in viscosity occurred. When 
the gum was heated to 80 C a permanent change in the constitution 
of the gum occurred that resulted in a large increase in viscosity 
when the gum was re-cooled to room temperature.
16. Cells of Alcaligenes faecalis C-13 grown in a medium containing 
MH-30 showed a large consunption of oxygen when placed on maleic 
hydrazide, a small uptake on MH-30, and none on diethanolamine 
or maleic anhydride.
17. Respiration studies with Alcaligenes faecalis C-13 on substrates 
with carbon and nitrogen concentrations optimum for gum production 
showed that thy presence of peptone increased the oxygen consump­
tion above that on glucose alone. The presence of MH-30 in the 
substrate mixture produced no change in the oxygen uptake.
18. The gums formed by Alealigenes faecalis C-13 in media containing 
MH-30 or peptone were extremely hydrophilic. The gums were pre­
cipitated by 3 volumes of ethanol, and the dried gums were tough 
and fibrous in nature.
19. Chemical and chromatographic studies of the intact and hydrolyzed 
gums showed that they comprised only glucose units.
20. Chromatographic studies of MH-30 and its related compounds showed 
that MH-30 readily dissociates into diethanolamine and maleic 
hydrazide.
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